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Abstract 
To support policy decisions, the greatest need is for models that can produce robust results using readily available 
data. The ER-USLE (Universal Soil Loss Equation with Effective Rain erosivity) model was developed from USLE 
with an effective rain erosivity factor (Re) instead of R (Rain erosivity) as well as increasing factor human being’s 
single operation for cultivated land. The FUSLE model was developed from USLE for soil loss prediction in forest 
with a focus on the litter factor. Integrating the ER-USLE model and FUSLE for soil loss prediction in a catchment 
with various types of land use (cultivated land, forest, road etc) a revised RFUSLE model was developed for soil loss 
prediction in both cultivated land and forest. The RFUSLE model was tested in the Shangshe catchment by 
comparing its predictions with observed SSD at the river outlet in the year 2000, showing robust results. Results 
show that it is useful for prediction of annual soil loss for various types of land use in the Dabie Mountains, China. 
FUSLE model is available to many users and policy-makers in the Dabie Mountains, China. 
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1. Introduction 
Erosion can be examined over a wide range of spatial scales. This includes small sample plots for 
scientific study, the field scale that is of interest to individual farmers, the catchment scale for community 
level issues, and regional and national scales for policy-makers[1]. In the policy arena, the impacts of 
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human activity on soil erosion have become a major concern. Erosion occurs both from extreme events 
and from lower-magnitude events. The extreme events engender major soil erosion, whereas the lower-
magnitude events reduce agricultural productivity and increase water pollution. An important challenge in 
soil erosion modelling, which has become even more important with the increasing use of models linked 
to GIS, is the mismatch between the small spatial and temporal scales of data collection and model 
conceptualization, and the large spatial and temporal scales of most intended uses of models [2]. Scientists 
are well aware of such upscaling problems. Robust models are expected to deal explicitly with variability, 
as well as with issues of how data on erosional processes at one scale can be extrapolated to processes that 
operate at other scales. Because landscapes are spatially heterogeneous areas, the structure, function, and 
temporal change of landscapes are scale-dependent themselves [3]. Therefore, each regionalization 
method must be developed and validated to fulfill requirements for a specific purpose at a specific scale. 
   The ER-USLE model was developed from USLE with addition of an effective rain erosivity factor. It 
was modified (FUSLE) for application to a sub-catchment of Chinese fir forest [4]. In this study, ER-
USLE was integrated with the FUSLE model for soil loss prediction in all types of land use in the 
Shangshe catchment, Dabie Mountains, China.  
2. Study area 
This study was carried out in the Shangshe catchment ( N022334  , E2105116  ) of the Dabie Mountains in 
Yuexi prefecture of Anhui province, China. Details of the Shangshe catchment were introduced by 
Zhuang et al.  [5].  
3. Materials and methods 
3.1. Water runoff observation  
A rectangular weir made of concrete and a 90° sharp-crested V-notch weir equipped with a float-type 
water level recorder were built at the outlet of the Shangshe catchment. In the Shangshe catchment, four 
small catchments of different land types were selected as experiment sites. Water and rain gauge of 
recorder paper type was used till the year 2007. Since the year 2008, system of remote information 
transformation of water level and precipitation was established in the Shangshe catchments at four sub-
catchments and the outlet weir of Shangshe catchment. Calculation of the runoff may be referred to 
Zhuang et al. (2009) [6]. 
3.2. Field observations of soil loss on the micro-plot scale, the USLE-plot scale, the sub-catchment scale, 
and the catchment scale 
Field observations of soil loss on the micro-plot scale were applied to the sub-catchments of cultivated 
land and Chinese fir forest, in the year 2000. These applications were introduced in detail, respectively by 
Zhuang et al.  [6] and Zhang [4]. Similar field observations of soil loss on the micro-plot scale were 
carried out in the sub-catchments of the tea garden and the pine forest, also the year 2000.  
   Field observations of soil loss at the sub-catchment and USLE-plot scale of cultivated land, Chinese 
fir forest, tea garden, pine forest and the outlet of the Shangshe catchment were carried out over the period 
from year 2000 to year 2011. 
3.3. Suspended sediment observation 
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A simple laboratory in the Shangshe catchment was equipped with an oven and electric scale. For each 
rainfall event in year 2000 that led to runoff, 500 ml of water was collected manually at intervals of 10 
minutes from each weir and labelled with time, place and water level. Then organic matter, such as grass 
and leaves, was picked out. From each of these samples, 30 ml were taken out. Sands were filtered 
through filter paper of 0.2 µm and put into the oven at 110℃ for 24 hours, to evaporate the water and 
measure the SC (Sediment Concentration, kg/m3). According to Mihara [7], who studied the effects of 
agricultural land consolidation on erosion processes in semi-mountainous paddy fields of Japan, when the 
paddy field surface was flooded, levelling of adjacent surfaces and construction of levee slopes were 
essential, and erosion in paddy fields occurred mostly on levee slopes. Lu and Higgitt [8] studied temporal 
changes in sediment yields in the Yiwanshui catchment in western China by using caesium-137 (137Cs) 
dating techniques and found the reservoir to contain as much as 84% of the eroded soil, with the 
remaining 16% being attributed to valley-floor paddy fields. In our research, samples taken from the 
flushed paddy field showed similar SSC（Suspended Sediment Concentration） between the flush in and 
flush out of the paddy field. Accordingly, soil erosion and sedimentation in the paddy field were not 
considered in this study. 
3.4. Field observations of litter coverage, terrace conditions 
Based on land use map of the Shangshe catchment [5], the litter coverage and terrace condition were 
measured by eye through field observations in the Shangshe catchment. 
3.5 .FEUSLE model 
ER-USLE model was developed from the USLE model using an effective rain erosivity factor in the 
sub-catchments of cultivated land. The USLE model was modified for use in the sub-catchments of 
Chinese fir forest (FUSLE). In this Chapter, the ER-USLE and FUSLE models are integrated for soil loss 
prediction in all types of land. 
   Eq. (1) is obtained for soil loss prediction for single events: 
 
tslsee lCCLSKPPRA                                                                                                        (1) 
Where eA  is the SSD (Specific Sediment Discharge) for single events (t km-2 or g m-2) (at the micro-
plot and USLE-plot scale, the units are (g m-2), while at the sub-catchment and catchment scale, the units 
are converted into (t km-2) in this study); eR  is the effective rain erosivity factor (J-mm m-2 h-1);L is the 
slope length factor, S is the slope factor; Ps is the single operation factor in cultivated land; P is the 
support-practice factor, which affects soil loss over a long time period; K is the soil erodibility factor（g 
J-1-mm-1 h ）; lC  is the factor of land use; sC  is the seasonal coverage factor; tl  is litter factor.  
   Eq. (2) is obtained for annual or seasonal loss prediction based on summation over single 
precipitation events:  
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Where

n
i
eiA
 is the annual or seasonal SSD (t km-2 or g m-2); n  is the total number of the precipitation 
events, and the other factors are the same as those in Eq. (1).  
   Because this model is developed from the ER-USLE model and the FUSLE model, it is named the 
revised FUSLE (RFUSLE) model.          
4 Calculations of factors in RFUSLE model 
4.1. Re and K factors  
The calculated Re for the three years from 2000 to 2002 and the K factor in the Shangshe catchments 
(Zhang et al., 2008) [4] was utilized in this research. The calculated value of the K factor for each type of 
land use was assumed to be the same for all other areas of land of the same type, and applied to 
corresponding land types here.  
4.2. LS factor 
The topographic slope was derived from the digital elevation model (DEM) [5] of the Shangshe 
catchment of cultivated land at the 5 m × 5 m scale of resolution. In both the USLE and RUSLE models, 
slope length is defined as the horizontal distance from the origin of overland flow to the point where either 
the slope gradient decreases to a point at which deposition begins, or runoff becomes concentrated in a 
defined channel [9-10]. In the present study, the L factor was determined using the following method. 
   First, the Shangshe catchment was divided into 87 sub-catchments with the DEM using Arc View 
software under a hydrologic model. In each sub-catchment the longest flow path was calculated.  Then, 
each sub-catchment was divided into two sub-catchments along the longest flow path. The average slope 
length in each sub-catchment is calculated using Eq. (3): 
stream
A
slope L
SL 
                                                                                                                                   (3) 
where 
AS is the area of a sub-catchment (m2); 
streamL  is the length of the longest flow path in the sub-catchment (m); and 
slopeL  is the average length of slope in the sub-catchment (m). 
   The value of LS for each micro-plot and USLE plot as well sub-catchments was calculated, 
respectively, according to  Eq.(4)  [11]: 
 
3.16.0 )
0896.0
sin()1.22(
LS
                                                                                                            (4) 
where   is length of slope in m,  is slope in degrees. 
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Fig. 1 Spatial distribution of the LS factor 
4.3. P factor 
The main soil conservation techniques used in the Dabie Mountains are contour tillage, contour 
farming and level terraces. The support-practice factor (P) is the soil loss ratio for a specific support-
practice to the corresponding soil loss for up-and down slope tillage [10]. 
 The P values in the areas of cultivated land and tea garden were determined through field observation: 
the P values were divided into 10 classes from 0 to 1. The method to determine the P value is listed in 
Table1. 
Table 1 shows P values and the support practice measures in the Shangshe catchment. The P value for 
the forest area was estimated to be 1, while that for the paddy field was estimated to be 0. The distribution 
of P factors in the Shangshe catchment was estimated and is shown in Fig. 2. 
STC : Tillage along the contour with a terrace of 1-5 m width. This measure is in the sub-catchment of cultivated land and its value 
was calculated to be 0.11;ScNT : Tillage along the contour without terrace. Its value was reported to be 0.5 by Yang [12]. 
Table 1. P value and the support practice measures in the cultivated land and tea garden in the Shangshe catchment 
Measures P value 
Tillage along the slope without terrace in cultivated land (SNTC) 1.0 
Paddy field and water level terrace 0.0~0.1 
ScNT : STC =0:1~1:1 0.1-0.3 
STC :ScNT  =0:1~1:1 0.3-0.5 
ScNT :SNTC=0:1~1:1 0.5~0.9 
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Fig. 2 Spatial distribution of the P factor 
4.4. Ps and Cs factors  
The effect of daily operations on annual soil loss in cultivated land is represented by Ps and the effect 
of seasonal coverage on annual soil loss is Cs  [6]. Using USLE to predict annual soil loss without 
considering the effect of Ps and Cs factors, it was assumed that the predicted seasonal values cannot agree 
well with the observed values. In ER-USLE the Cs factor reflects the effects of seasonal variation of plant 
coverage on soil erosion rates. It is suitable for cultivated land and for forest land consisting of deciduous 
trees. However, in pine and Chinese fir forests, and in tea gardens, where trees or shrubs are evergreen, 
the coverage does not show seasonal variations. The effects of operations by humans are also negligible in 
such areas. Therefore, the values of PsCs were equal to unity from March to October in the forest and 
teagarden. However, it was reported [6] that in cultivated land and Chinese fir forest, field observations 
for the three years of 2000-2010 showed no soil losses for the months of November, December, January 
and February. Therefore, Re was calculated from March to October in the three years of this study. 
Table 2. Cs and Ps factors 
Month Jan., Feb., 
Nov., Dec. 
Mar. Apr. and May Jun.  
1st -15th 
Jun. 
15th-30th 
Jul. and 
Aug. 
Sep. 
and Oct. 
PsCs 0.00 0.33 0.30 0.54 2.30 1.69 0.64 
Cs _ 0.33 0.30 0.54 1.00 0.7 0.64 
Ps _ 1.00 1.00 1.00 2.30 2.30 1.00 
4.5.  Cl factor 
The Cl factor in each type of land use was calculated from linear regressions of SSD with LSRe based 
on micro-plot soil loss data in the year 2000 [6]. The Cl factors in each type of land use are listed in Table 
3. 
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Table 3. Cl factor in the Shangshe catchment 
Land use l
C
 
Pine forest 0.041 
Tea garden 0.012 
Chinese fir forest 0.0124 
Cultivated land 0.17 
4.6.  Litter factor 
The value of litter factor (lt) in the sub-catchment of Chinese fir forest was calculated using Eq. (4) 
from observed micro-plot data in the year 2000.  
 
LiLiit CovCovLl  1*                                                                                                                 (4) 
where tl  is the litter factor ; iL  is the ratio of annual SD in a micro-plot with litter to SD in the micro-
plot of the same gradient without litter (here it is 0.014); LiCov  is the coverage of litter in the sub-
catchment. Lii CovL *  means the coefficient of SSD from the area in a sub-catchment with litter, and 
LiCov1  means the coefficient of SSD from the other area in the sub-catchment without litter.  
This value was used in the other Chinese fir forests in the Shangshe catchment despite the fact that the 
spatial distribution of thickness of litter is quite different. The value of Li in the sub-catchment of Chinese 
fir forest was calculated from observed SSD of micro-plots in the year 2000. The same method was used 
to calculate the values of Li  in the sub-catchments of pine forest and teagarden (Table 4). In the cultivated 
land, the value of Li is 1. 
   Coverage of litter on the ground surface was estimated by eye in field observations. It is shown in Fig. 
3. The lt factor was calculated using Eq. (4) and is shown in Fig. 4. 
 
Fig. 3 Spatial distribution of coverage of litter on the ground                           Fig. 4 Spatial distribution of litter factor 
Table 4. Values of lt in four types of land use 
Land use li 
Pine forest 0.014 
Tea garden 0.0595 
Chinese fir forest 0.0582 
Cultivated land and bare land  1 
 
Litter factor 
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5. Results 
5.1.  Comparison between observed values of SSD at the river outlet with predicted SSD in the Shangshe 
catchment with the FER-USLE model  
   With the map layer of LS and the other factors introduced above, the predicted soil loss for single 
rainfall runoff events in the year 2000 in the Shangshe catchment was calculated using the FER-USLE 
model. The values were compared with the observed values at the river outlet in the year 2000 (Fig. 5). 
Fig. 5 shows that the observed values are 0.92 times of the predicted values on average. Their R2 is 0.64.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Comparison between observed SSD at the river outlet with predicted SSD using the FER-USLE model in the year 2000 
5.2. Prediction of annual soil loss in the Shangshe catchment in 2000 
   With the map layer of LS and the other factors introduced above, the predicted annual soil loss in 
2000 was calculated using the RFUSLE model. It is shown in Fig. 6. The values of annual SSD between 
were distributed between 0 and 300 (t ·km-2) in the paddy field and forest with high litter coverage. 
Values of annual SSD were distributed between 1000 and 3000 (t ·km-2) in tea garden and forest with 
little litter coverage. The values of annual SSD larger than 3000 (t·km2) were distributed mainly in 
cultivated land. 
 
Fig. 6 Spatial distribution of predicted annual SSD in the year 2000 
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6. Conclusions 
In this study, field observations of water and sediment discharge were carried out at the micro-plot 
scale, the USLE-plot scale, the sub-catchment scale and the catchment scale in the Shangshe catchment, 
Dabie Mountains, China. 
   Through analyses of field observation data in the Shangshe catchment in the years of 2000-2011, the 
following conclusions were reached: 
   (1) Considering the variation of seasonal coverage of crop and short time scale operations by human 
beings, Cs and Ps were incorporated into the ER-USLE model, from which the RFUSLE model was 
modified. Using the RFUSLE model, strategies applicable to soil loss control in cultivated land with a 
focus on big events is possible. 
   (2) Litter performs an important hydrological function in the forest and tea garden. The effect of the 
litter factor on soil loss depends upon two factors: one is litter areal coverage and the other is the depth of 
litter. The litter factor differs considerably not only among different types of forest plots, but also among 
the same types of land use in the Shangshe catchment. Using the litter factor, it is possible to develop 
strategies for soil loss control in forest land and tea garden with a focus on land with little litter. 
   (3) Application of the FUSLE and tests of this model showed that predicted values of SSD using 
FUSLE agree with observed SSD on both the USLE-plot and the sub-catchment scale. The RFUSLE 
model is applicable for annual soil loss prediction at the catchment scale. 
   (4) To support policy decisions, the greatest need is for models that can produce robust results using 
readily available data. The RFUSLE model, as introduced above, is available to many users and policy-
makers in the Dabie Mountains, China. 
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